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Note to Reader – The text to follow presumes that the following documents have already been read:

Introduction to LEO III
LEO III Store & SAC
LEO III Arithmetic Unit (A/U)

Introduction
The function of the Coordinator in LEO III may be defined as follows:
The Coordinator controls the selection, modification and execution of instructions by providing the signals necessary to control the various circuits in the Arithmetic Unit (A/U) in the sequence required to implement the definition of each instruction.

This section and the four to follow in this text deal with the way in which the Coordinator implements the selection and execution of an instruction.  The modification of instructions is only given incidental treatment at this time and is dealt with in a later topic wherein the Action flow diagrams for a selection of instructions are considered in detail.
Instruction Execution
Thus far the 32 Actions (and their variants) in the LEO III instruction repertoire have only been viewed from the standpoint of programming and in so doing they have been treated as single entities.  For instance if, in a program,  it is required that a number in the Store be added to a number in Register A, and then another number in the Store subtracted from the sum, the programmer would place a 4 Action in the program immediately followed by a 5 Action, accompanying each with the appropriate discriminant, modifier and address.  At no time, did he/she concern themselves with how, when specifying these Actions, the system actually performed the process of addition, subtraction, Store access, etc..  They were concerned with the end result rather than the way in which it was produced.  In order to examine the way in which the Coordinator executes an instruction it is necessary to go into further detail.
Example
As an example consider the Transfer instruction - Action 2/d/m.  As defined, this Action must transfer the contents of Register A in the A/U to a compartment N in the Store where N is specified by the 15 bits of the instruction address held in Register OA.  Upon completion of this transfer Register A must then be cleared.  In order to do all of the above the following things must take place:
See HC-01 – an abbreviated flow diagram of Action 2/d/m illustrating what must be done – and in what sequence – to fulfil the definition of the Action.  
1 - As the Transfer Action is modifiable a test is made to determine whether the address N is to be modified and then acts accordingly.
2 – Another test is then made to determine whether the number in A to be transferred is positive or negative.  If it is negative it will be in sign and complement form and therefore require conversion to sign and modulus form prior to transfer to the Store.  If the number is positive no conversion is necessary.
3 – Access is then called to the Store address specified by N (modified or not) held in Register OA so that the contents of Register A may be placed in compartment N as required. 

4 - Upon completion of the above  Register A is cleared {all 41 bits reset) and then access is called to the Store address specified by the Sequence Control Register (SC) for the next instruction in the program.
µPrograms
As seen above, a number of steps are required to complete the Transfer Action which  must be performed in a certain sequence.  This sequence of steps, known as stages, is a µprogram and there is one such µprogram associated with each Action in the LEO III repertoire.  See A00 for the full list of 32 Actions and their variants.  The execution of each stage of an Action’s µprogram constitutes one Coordinator cycle.
Now consider a single stage of the detailed Transfer Action µprogram, stage 3, this time using the abbreviated notation of the actual µprogram flow diagram to describe the function of the stage rather than the wordy explanation used earlier.
Reference HC-02A & B
The notation in Stage 3 says, ‘copy the contents of Register E to Register OA leaving the original contents of E unchanged‘, or Copy (E)(OA’.  At present it does not matter WHY this is being done, but rather HOW.  In Leo III the functions of each µprogram stage are performed by what are called µsignals  - in this case PC 13.  When this µsignal is generated the Copy (E)(OA takes place.
In terms of LEO III logic - see HC-02B.  A description of how PC 13 achieves Copy (E)(OA is as  follows:

As seen earlier in the A/U, the set output of each of the low order 16 F/F’s in Register E is always connected to one leg of a two-legged gate at the set input to the corresponding F/F’s in Register OA.  OA will not be affected by the presence of these signals until such time as the other condition on each gate also appears -  PC 13 delayed.  When PC 13 is produced it immediately resets the 16 F/F”s of OA, and then, after a delay of 1.5 µsec, permits the contents of Register E to be transferred to OA as required.  

µPlanes and µSignal Generation - Introduction
Having observed how PC 13 does its job, the next task is to examine the way in which it – and all other µsignals - are produced.  This is accomplished by what is called a µplane.  There are 48 µplanes in LEO III, each of which contains 32 stages.  The capacity of the standard system is therefore 32 x 48 = 1536 stages.  
Action µPlane Allocation
The number of stages required by each Action differs and is dependent upon the complexity of the Action.  Since the limit of one µplane is 32 stages, any Action requiring more than this number will require an additional µplane, or µplanes, to accommodate them.  If an Action contains just a few less than 32 stages, say 27 or 28, it is generally allocated one complete µplane for its own use.  If an Action contains far fewer than 32 stages, some of which are common to those of another Action, the stages of both Actions may share the same µplane.  Following is a summary Action-µplane allocation.  
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µPlane Structure

Reference HC-03
As can be seen in the above diagram, the number of the Action in Register OI (left side of diagram)  is used to select its corresponding µplane.  Note that Actions 0 and 1 each have a dedicated µplane whereas Actions 2/3 and 4/5 each share a µplane. 
The selected µplane on HC-03 – that for Actions 2/3 - illustrates the structure of all the µplanes -  two sets of wires at right angles to each other. The horizontal set contains 32 wires and the vertical 120.  The wires of the 32 set are stage drive wires and correspond to the 32 stages of an Action that may be contained on one µplane.  The 120 wires of the vertical set are µsignal read wires and represent the output paths for each of the 120 possible µsignals that may be produced by any stage in a µplane.  
Aside – Additional Functions

At the time of writing (Oct-Nov 1964) 112 of these are used to perform discrete functions.  Additional functions have also been implemented using pairs of µsignals generated in the same stage.  See the following folder for a complete list of µsignals.
Microsignals
µSignal Generation

Note – How a specific stage wire is selected within the selected µplane is considered shortly.  For the moment, the following text assumes that one has been selected.

As all 112  µsignals will not be required by any single stage, the problem arises of how to differentiate between the wanted and unwanted µsignals in a given stage,  This is solved by the way in which the µsignals are generated.  
Whether or not a specific µsignal is produced by a stage is determined by whether or not a ferrite core has been placed at the intersection of a stage and read wire.  If a core is present a µsignal is produced.  If not a µsignal cannot be produced.
Reference HC-04
If a core is present at a junction, the stage and read wires are wound about it as shown on HC-04.  The wires run at right angles to each other, the read wire passing through the centre of the core just once while the stage drive wire is wound about the coil and passes through its centre four times.  As can be seen, another wire is also present, the bias wire.  It runs parallel to the drive wire but only passes through the centre of the coil once.  The function of the bias wire will be considered shortly.

The µsignals corresponding to any stage are produced by passing a 1µsec 280mA current pulse down the stage drive wire.  The timing of this current pulse is controlled by the Matrix Drive Pulse generated by the Coordinator.  As the 280mA current pulse passes through the cores on the stage drive wire corresponding to the µsignals to be generated, it passes around each one and produces a change in its magnetic flux.  This flux change induces an emf - and consequently a current pulse - 
in the corresponding read wires. These current pulses are the ‘raw’ µsignals.
A Potential Problem and its Resolution
Should it become necessary to generate any of these µsignals again, and it will, an additional problem must be overcome.  In that the flux of each core associated with the stage has been switched to a certain direction by the 280mA current pulse on the stage drive wire, subsequent pulses will have no effect on the cores and therefore fail to produce µsignals.  This is overcome in the following manner.'

A 500mA bias current is always flowing in the bias wire in a direction opposite to that of the 280mA drive current when the latter is present in the stage drive wire.  In that the ampere turns ratio of the drive wire : bias wire is 4 : 1, the magnetising force H created by any current in the drive wire will always be four times greater than that produced by the same current in the bias wire.  However,  when the 280mA drive current does appear its value is only half that of the bias current  Consequently, the magnetising force that this current produces is only twice as large as that produced by the bias current
When the bias current alone is present the magnetising force it creates is sufficient to maintain the flux of each core in a state of saturation at one end of its hysteresis loop.  Upon arrival of the 280mA drive pulse, and hence a magnetising force of twice the strength in opposition, the magnetising force of the bias current is overcome and the flux of the core is switched to the saturation point at the other extreme of its hysteresis loop  This flux change is what produces the ‘raw’ µsignals in the read wires associated with any stage.  After 1 µsec the 280mA drive current disappears and the flux of each core is switched again to its quiescent condition by the bias current.  In this manner successive drive pulses are able to produce the same µsignals within a given stage when required.
µSignal Amplification and Timing
Reference HC-05
When any stage of a µPlane has been selected and is active, each of its read wires is connected to a Read Amplifier and associated circuitry as seen in HC-05.  When a raw µsignal appears on a read wire it is first amplified and then fed to an inverter, the output of which is used to open a suppression gate.  The input to the suppression gate will either be the Long or Short Strobe, two control waveforms generated during every Coordinator cycle.  Although the suppression gate has been opened it does not yield an output – the ‘finished’ µsignal -  until such time as the appropriate strobe appears.  
The timing of the Coordinator is such that the correct strobe will arrive while the suppression gate is still open and when this occurs the latter will produce an output.  This output then ensures, via a feedback loop, that the suppression gate remains open for as long as the strobe is present.  Consequently, the output of the read amplifier will be a waveform whose shape and duration is identical to that of the strobe associated with it.  This waveform is the ‘finished’ µsignal. 
As noted above, the length of time a µsignal is available to perform its function is determined by either the Long or Short Strobe, whichever is associated with the µsignal in question.  The Long and Short Strobes, in addition to the Matrix Drive Pulse, are 3 of the 5 signals that are produced within each Coordinator cycle in order to execute any stage of an Action’s µProgram.
NOTE: Although there are 48 µplanes in the system, each with 120 read wires, there is only one set of 120 read amplifiers common to all µplanes.  This imposes no limitation on the system as only one stage of one Action µplane is selected at a time.
Reviewing what has been covered thus far, a LEO III Action is implanted via a number of stages, each of which performs one or more functions via µsignals generated by a µplane.  The production and release of these µsignals is controlled by three waveforms, the 1 µsec Matrix Drive Pulse and the Long and Short Strobes.  As yet, though, only a single stage has been considered and no mention made of how one stage proceeds to the next within the µprogram of an Action.
Sequence Changing Within µPrograms
All of the 112 available µsignals may be divided into two groups, control and address, each of which may be subdivided into various categories.  At present it is the address group that is of interest and it consists of the following categories:

6 Normal Sequence Address µsignals
PN 100—PN 105

1 Normal Sequence Parity µsignal

PN 106

6 Sequence Change Address µsignals
PY lO7~PY 112

l Sequence Change Parity µsignal 

PY 113

1 Set Extension Planes F/F µsignal

PN 114

Both sets of address µsignals, normal sequence and sequence change contain six address µsignals and one odd parity µsignal.  For the moment, consider only the first five address µsignals of each set, PN 100-104 and PY l07-112.  The remaining µsignals will be considered shortly.
The PN and PY address µsignals, in themselves, are meaningless.  It is the way in which they are coded that is of consequence.  Each of the first five in both sets is used to represent one bit of a five bit binary number as shown below: ‘

        l6    8    4     2     l

PN 104 103 l02 101 100

PY 111 110 109 108 107

A combination of either set of five may be used to produce any number, and thus specify any address, in the range from 0=3l.  Consequently, any stage on a µplane may designate (as the next to be driven) any of the remaining 31 stages on the same µplane.

Combinations of the normal sequence address µsignals are generated by every stage of an Action.  Their function is to designate which stage will be the next to be driven within the Action. See PN102 on HC-02A.  As PN102, the sole address µsignal generated by stage 3, results in the following binary pattern – 00100 – it specifies stage 4 as the next to be driven.
Some stages also generate a set of sequence change address µsignals in addition to their normal sequence set.  These are stages in which control µsignals are also generated to test whether or not a specified condition is present elsewhere in the system.  39 different conditions may be tested in this way using either single µsignals or pairs of µsignals.  
Reference HC-06
For example, stage 0 of Action 2 (see above) produces two sets of address µsignals because control µsignals PT 90 and 91 are generated by the stage to test whether or not the modifier of the Action is zero.  This test is carried out at the same time the 3rd control µsignal PC14 transfers the contents of Register F to the Sequence Control Register – (F) ( SC.

Although two sets of address µsignals are produced by such a stage, only one set is used to designate which stage is the next to be driven.  The set that is used will be determined by the result of the test conducted within the stage.  If the condition being tested is present the sequence change address µsignals are used.  If the condition is not present the normal sequence address µsignals are used.
Whenever a set of address µsignals is selected as the set to specify the next stage to he driven the Coordinator generates a signal known as the Copy to µStep Register pulse.  This pulse permits the selected set of address µsignals generated by a stage  to set the corresponding  F/F’s in the Coordinator’s 8 bit µStep Register.  
The Copy to µStep Register pulse is the 4th of the 5 signals that are produced within each Coordinator cycle in order to execute any stage of an Action’s µProgram

µPlane & Stage Selection

See HC-03 and HC-07 

Earlier it was seen that, on the left side of HC-03, how the Action number in the OI register was used to select the Action’s µplane.  Now, on the right side of HC-03, it can be seen that the address in the µStep Register performs a similar function - to select one of the 32 stage wires within the selected µplane.
Now see HC-07 for further detail.  

µPlane Selection

On the left, the 5 outputs of the OI Register’s F/F’s corresponding to the Action number are connected, in 32 different combinations, to the input gates of 48 plane selection switches.  Only one of the 48 input gates will open – the one whose inputs correspond to the Action number currently in the OI Register.  When that gate opens, the output is inverted to open the related suppression gate thereby selecting that µplane.  As can be seen on HC-07. the selection of a µplane provides a return path to earth for the 32 stage wires in the selected µplane. 
Extension µPlanes
It will not have escaped the reader’s attention that using only the 5 bit Action number to select a µplane limits the selection to 32 of the 48 available.  How then does an instruction requiring additional µplanes gain access to them?  The initial selection, using only the Action number, is for that µplane which contains Stage ‘0’ of the Action.  

Extension µplanes are accessed from within the Action µprogram.  Tests are conducted to determine the state of the 3 further bits in the discriminant (1) and modifier (2) parts of the instruction.  Should such a test within a stage indicate that access to a stage on an extension µplane is required, the following address µsignals, in some combination, are  generated , PN 105, PY 112 and PN114.
Generating either PN 105 or PY 112 to set the F/F in position 6 of the µStep Register extends the latter’s range of addresses from 32 to 64.  Similarly, permitting PN 114 (Set Extension Planes F/F µsignal) to set the F/F in position 7 of the µStep Register further increases this range of addresses to 128.  The detail of how these three address µsignals are used to select additional µplanes for any Actions that require them is covered in a later section dealing with specific Action µprograms.
Stage Selection

The process is similar for stage selection.  On the right, the 5 outputs of the µStep Register  F/F’s (representing the address of the next stage) are connected, in 32 different combinations, to the input gates of 32 stage selection switches.  Only one of the 32 input gates will open – the one whose inputs correspond to the address in the register.  When that gate opens, the output is inverted to open the related suppression gate thereby selecting that stage wire by completing a unique current path to the Common Timing Switch in the lower right corner of HC-07.  When that switch is opened the selected stage wire will be pulsed to generate the µsignals for that stage.
With both µplane and stage selected, the Common Timing Switch is opened upon the arrival of P925, the Matrix Drive Pulse, during the next Coordinator cycle.
Stage Address µSignals – Parity Check
If an odd number of either set of address µsignals is generated by a stage the parity µsignal associated with the set, either PN 106 or PY 115, is not be produced.  If the number of address µsignals produced is even, the corresponding parity µsignal is generated and is used to set the parity F/F in bit 8 of the µStep Register.  
This is done in order that the stage address parity checking logic, which monitors the contents of the µStep Register, always receives an odd number of signal inputs.  Only with an odd input will the checking logic produce the Stage Parity Correct signal which the Coordinator requires to function properly.  Should an error in an address appear and an even number of inputs be presented to this logic, a Coordinator Parity Alarm will result (Coordinator parity is stage address parity) which will prevent the Coordinator from beginning another cycle.  In this way the stage address parity checking logic prevents the Coordinator from executing the stages of an Action’s µprogram in an incorrect sequence.

Last µStage Register
If a parity alarm does occur, there is an additional register in the Coordinator which informs the engineer which stage of an Action produced the faulty address.  It is called the Last µStage Register and always contains the address of the stage that the Coordinator is presently driving or has just driven.  The address in this register is changed near the beginning of every Coordinator cycle to that of the stage being driven but only if the parity of the new stage address has proven correct.  If the parity of the new address is found to be incorrect, thereby producing a parity alarm and halting the Coordinator, the contents of the Last µStage Register would not be altered and thus indicate to the engineer the address of the stage which generated the faulty new address. 
The signal which normally alters the address in the Last µStage Register is the Copy to Last µStage Register signal.  This signal, together with the Copy to µStep Register signal, the Matrix Drive Pulse, and the Long and Short Strobes, represent the total of 5 signals which must be produced within every Coordinator cycle in order for the Coordinator to fully execute any stage of an Action.  

Further Considerations
Two additional factors must be considered to complete this overview of stage address µsignals.

l - One function of the final stage of every Action is to ensure that the µStep Register is reset thus permitting stage "0" of the next Action in the program to be the first that is driven during the next Coordinator cycle.  In order to do this the only address µsignal generated by the  final stage of any Action is the normal sequence parity µsignal – PN-106.
2 - Although there are 32 stages on any µplane, many Actions require far less than 32 to do their job.  Some of these Actions may also have stages common to other Actions.  As noted  earlier, in order to conserve space two such Actions are often placed on the same µplane.  All of the stages common to both Actions are then shared and, when it becomes necessary for one Action to use a stage that isn’t common to both, Register OI is tested to determine which Action is using the µplane.  The result of such a test determines which set of address µsignals is generated by the stage conducting the test and sent to the µStep Register to specify the address of the next stage to be driven. 
***************************************************************************************

The following note, modified, will be moved to the LEO III Introduction Section when I have done it.  It will then encompass the logical physical relationship for all the subsystems of LEO III.
Note - Logical vs Physical Considerations
There are 40 functional logic diagrams illustrating the structure and operation of the Coordinator.  The text to follow – and further text in later sections – makes extensive reference to these diagrams.  Through them, and their interrelationships, it is possible to gain a thorough understanding of how the Coordinator does what it does.

What is more difficult in Oct-Nov 2013 is to translate this logical understanding to an appreciation of the physical system these diagrams describe.  In Oct-Nov 1964, when I first wrote a good portion of this text, this was not a problem as there was always one or more LEO III’s in the process of commissioning at the Minerva Road, North Acton, facility.  One could examine the diagrams in detail and then go out on the commissioning floor and – making every effort not to disturb the work in progress there -  locate all the relevant circuit packages.  Given the lack of a LEO III today and only photos to work with, following is a very brief summary of how the logic diagrams relate to physical reality.  

The physical LEO III consisted of a series of ‘racks’, each circa 6’ tall x 2’ wide x 2’ deep.  The majority of the racks, when open, looked like those seen in P02 & P03.  Each rack accommodated 5 or 6 rows of circuit packages – 22 packages per row with power supplies at the bottom.  Two circuit packages are on the table in front of the Engineers Control Panel seen in P01 – the only photo I have found of a circuit package.  The Coordinator was housed in 5 racks designated R40-R45.  See the lower part of diagram 20 (Cable Layout – Store and Mainframe).  

As references are made to logic diagrams in the following text, take note of the following:

1 – At the bottom of each diagram to the left of the title box there is a designation usually in the form of Rxx (e.g. R44).  This indicates which rack contains the circuit packages that implement the logic on the diagram.

2 – Within each diagram, note the dotted boxes around all the major logical functions.  Each box represents all or part of a circuit package. 

3 – Within each dotted box, note the ‘E’ number in the lower left corner.  This  designator identifies which type of package it is.  I no longer have the list of package types so cannot elaborate further at the time of writing (131119).

4 - Within each dotted box, note the numeric-alpha combination in the lower right corner.  This designates the row (numeric) and column (alpha) of the package’s location in the rack.
5 – A casual glance at any of the diagrams will reveal that every signal entering a diagram is accompanied by a source tag specifying the diagram from which it came and, similarly, every signal leaving a diagram is accompanied by a destination tag specifying the diagram(s) to which it goes.
6 – Finally, all references to logic diagrams are in the format – diagram number (AA-XX), e.g., 17-1(C-5) – the latter being the vertical and horizontal coordinates of the item of interest on the diagram.

From this point forward extensive use will be made of the logic diagrams – as was the case on the Engineering Training Courses.  It is not an overstatement to say that, without them, it would be exceedingly difficult to gain an insight into how the Coordinator - or any of the other major subsystems – worked.  The diagrams solve this problem.  That said, understanding the system on paper, while essential, was and remains insufficient for a Field Engineer to do his job.  Knowing the physical layout of the system was equally critical – especially should it malfunction.   

I have noted all of the above for a reason.  As of today (2013), bar a few photos for reference, only the paper version of LEO III remains.  Therefore the detailed text to follow will not be accompanied – as it was on the courses – with regular recaps relating the logical to the physical.  But, given the above ‘clues’, it is still possible to see how all the bits and pieces once fit together in a coherent and highly functional whole.

***************************************************************************************
µPlanes and µSignal Generation - Detail
Aspects of the preceding Introductory section are now considered in further detail using 14 of the 40 logic diagrams in the Coordinator set for reference.  All such references are hyperlinked for convenience.
Action Plane Selection
See HC-07 and Diagram 17-1 for reference.

As seen earlier, on the left side of HC-07, the 5 outputs of the OI Register’s F/F’s corresponding to the Action number are connected, in 32 different combinations, to the input gates of 48 plane selection switches.  
On 17-1(KL-69) (lower right corner) is a circuit package comprising 4 selection switches.  12 such packages are required to implement the 48 plane selection switches required.  The table to the left of diagram 17-1 specifies:

1 - The allocation of the 12 x 4 switches to the 32 Actions
2 – The outputs from the OI register required to open each switch and select one of the 48 µplanes.
It is from this table that the summary seen earlier in Action µPlane Allocation is derived.
Aside – LEO III Current Switches

The plane ‘selection’ switches above (and stage selection switches below) are standard LEO III current switches.  Each consists of a five legged gate, inverter and suppression gate.  The suppression gate, which is the element that actually performs the switching function, will only be opened if the output of the inverter is absent. This, in turn, will only be the case if the five legged gate is opened. Hence the five conditions on this gate constitute the control of the suppression gate as their collective presence or absence determines whether the latter will be opened or closed.






***********

Stage Selection

See HC-07 and Diagram 17-1 for reference.

Also, as seen earlier on the right side of  HC-07,  the 5 outputs of the µStep Register  F/F’s (representing the address of the next stage) are connected, in 32 different combinations, to the input gates of 32 stage selection switches.
On 17-1 (lower right corner) is a circuit package comprising 4 selection switches.  8 such packages are required to implement the 32 stage selection switches required.  The table to the upper right of diagram 17-1 specifies:

1 - The allocation of the 8 x 4 switches to the 32 stage wires of a selected µplane.

2 – The address outputs from the µStep Register required to open each switch and select one of the 32 stage wires of the selected µplane.

Read Amplifiers
See HC-05 and Diagram 17-2 for reference.
Although at present only 112 µsignals (control and address) are used by the Coordinator there are 120 read amplifiers available, one for each of the 120 µsignals that may be produced.  These amplifiers are mounted on E47 packages, two to a package, and hence 60 such packages are needed to supply the 120 amplifiers required, 
On diagram 17~2 (B8) is the logical diagram of an E47 package.   Directly to the right is a table which details the input and output pin numbers of each of the 60 packages and the following further information: 

1 - The location of each of the 60 E47 packages in rows 4-6 of Coordinator rack R40.
2 - The identification of the µsignal produced by each operational read amplifier.
3 - The strobe, either Long or Short, that determines the duration of each µsignal.
Note the 8 amplifiers that do not produce a µsignal – in columns (package slots) A, B, F and Y.

µStep Register
The Coordinator’s 8 position µStep Register is located on diagram 16-1. The logical diagram of an E7 package is displayed in position KL-23 of this diagram directly to the right of the tabular layout of the register itself.  There is one such package - and hence one F/F with related set and reset inputs and outputs - associated with each of the 8 bit positions in the register.  For the present, the inputs to these F/F’s that are of interest are those connected to gates 2, 3, 5 and 6.

Setting-Resetting Procedure
Information (the address of the next stage to be driven) is set up on the µStep Register in a manner somewhat different from that used for the registers in the Arithmetic Unit.  The register is not first cleared of the old information, as in the Arithmetic Unit, and then the new information set up in its place.  Instead a method of simultaneous setting and resetting of F/F’s is employed.  The presence of any bits in a new address pattern sent to the register will set their respective F/F's, and the absence of any bits will reset their respective F/F’s., This method is used to speed up the changeover of information in the register.
Whenever a set of address µsignals is generated by a stage they appear as outputs from the read amplifiers specified by the table on diagram 17-2.  These µsignals are then applied to a set of inverters (one inverter per µsignal) on diagram 16-1(D4-8).  The setting of the F/F’s in the register is accomplished by the corresponding inputs to these inverters, should they be present, and the resetting of the F/F"s by the corresponding outputs of the inverters,  should they be present.

See expanded E7 package (low order bit of µStep Register) on 16-1(KL-23) for what follows.

Normal Address Set

Every normal sequence input to the bank of inverters is connected directly to one leg of a three legged gate 2 at the set input to its respective F/F in the register.  The other two conditions on this gate are +8 volts and P162.  
Normal Address Reset

Simultaneously, every normal sequence output from the bank of inverters as applied to a two legged gate 5 at the reset input to its respective F/F in the register.  The other condition on this gate is again P162. 
Sequence Change Address Set

Similarly, every sequence change input to the bank of inverters, along with +8 volts and P160, is connected to gate 3 at the set input to its corresponding F/F in the register…

Sequence Change Address Reset

…while the sequence change inverter outputs are connected to gate 6, along with P160, at the reset input to their corresponding F/F’s.

In sum, as soon as the address µsignals generated by a stage are made available by the read amplifiers, they appear at the input of the appropriate F/F’s in the µStep Register.
Timing
Neither the normal sequence or sequence change address µsignals will have any effect on the register until the control signal associated with the set, either P162 or P160, also appears. When one of these signals does appear the corresponding set of address µsignals will then set and reset the appropriate F/F°s in the register.  Both signals are produced on diagram 16-2 and represent the outputs of two four legged gates (13 & 24) in positions H3 and H5.

The conditions on three legs of each of these gates are common; P180 the Long Strobe, P159 the Copy to µStep Register signal, and W784- the Not µLoop condition. The first two will appear during every Coordinator cycle and the third will be present as long as the Form µLoop key, an engineer’s test facility, is not operated.  Consequently, the condition that determines which of the two signals, Pl60 or P162, is produced during any Coordinator cycle is W804±, the Test + signal.

The Test + signal is the final output of the testing logic on diagram 13-10(E2).  It will only appear if the stage being driven conducts one of the 39 tests available and finds that the condition being tested is present.  Under any other circumstances, e.g., when the condition tested by the stage is found to be absent - or when no test is conducted by the stage - W804+ will be absent and W804- present.

If W804+ is present on gate 13 (16-2(H3)) a 0.6µsec pulse, P160 – Sequence Change – is generated.   

The gates associated with P160 at the set and reset inputs to the µStep Register (16-1) are  opened and the sequence change address µsignals permitted to set and reset the F/F"s in the register as required.  If W804- is present on gate 24 (16-2(H5)) a 0.6µsec pulse, P162 – Normal Sequence - appears and permits the normal sequence address µsignals to do the same. 
Once either address is established, the  output of each F/F in the µStep Register is passed through a complementary pair (16-1(K5-9)) to produce the waveforms D39-n.  D39-l ±  through D39-5 ±  are used to specify the stage wires (see also HC-07 – upper right) to be selected on the µplane corresponding-to the Action being executed.  D39-6 ± and D39-7 ± are used to select additional µplanes should any Action require more than one.  
Stage Address Parity Check
The stage address parity checking logic consists of the logic in the three E82 packages to the left and centre of diagram l6-3. The nature of the logic in each of these packages is such that it will only yield a + output if presented with an odd number of + inputs.
The logic in two of the three packages, those at the extreme left of the diagram, is used to continuously monitor the contents of the µStep Register,  D39-l ± through D39-8 ±.  Treating all of the logic in both of these packages as a single unit. an odd number of + inputs will only be presented to the third E82 package if the number of F/F“s set in the µStep Register, -  being monitored by the first two packages - is also odd.  Note that an odd number of + inputs to the third E82 package is required to produce the Parity Correct signal, W783.  Under any other circumstances Z45, the Parity Incorrect signal, will appear.

The Parity Correct signal, W783, is used in two places
1 - the Basic Pulse Generation Loop on diagram 14 and…

2 – … in conjunction with the Last µStage Register on diagram 16-4.
In a later section it will be seen that if any stage produces an incorrect address, causing W783 to disappear on diagram 14, the Coordinator will be prevented from cycling again and therefore from executing an incorrect stage in the µprogram. The application of W783 to the Last µStage Register logic is dealt with in the following sub-section.

Last µStage Register
One cycle of the Coordinator is required to execute any stage of an Action µprogram.  The appropriate set of address µsignals generated by the stage is set up in the µStep Register near the end of the Coordinator cycle by P159, the Copy to µStep Register signal, the 4th of 5 signals generated during each Coordinator cycle.  During the time interval between this operation and the beginning of the following cycle these address µsignals are then checked for parity as described earlier.
If the parity check proves OK and W783 appears, after a certain delay the Coordinator will begin a new cycle and generate the  µsignals specified in the next stage.  1.6 µsec after beginning the new cycle (and prior to generating the new Long and Short Strobes and the Copy to µStep Register signal) the Copy to Last µStage Register signal, Q213, is produced.  While the Coordinator completes its cycle generating the other necessary signals, Q213 is sent to diagram 16-4(A2).  Here it is gated with W783, the Parity Correct signal, to produce a 0.6µsec pulse, Q600 – the Copy to Last µStep Register signal and the 5th of 5 signals generated during each Coordinator cycle.  Q600 then sets up the Last µStage Register with the new address on the µStep Register, - that of the stage now being driven,  The Last µStage Register consists of 4 x E6 packages, each containing two F/F’s, as illustrated on 16-4(L-47).
Note what would have occurred if the parity check on the new address had failed – indicated by the absence of W783, the Parity Correct signal.  Although the Coordinator would begin a new cycle after the appropriate delay, it would be prevented from generating all but two of its control signals, Q213 and P925, the latter being the Matrix Drive pulse.  (The detail of how this is accomplished is covered in the following section - Basic Pulse Generation Loop). As before, Q213 attempts to produce Q600 on diagram 16-4 but is unable to do so due to the absence of W783, the Parity Correct signal.  Consequently, the address of the incorrect stage, now in the µStep Register - that which the Coordinator just attempted to drive - would not be transferred to the Last µStage Register. Hence, the latter would retain the address of the stage which produced the faulty address µsignals,  the last stage, and it is from this feature that the register derives its name,
Pulse Generation Loop - Overview
In the course of the preceding section it was stipulated that, to perform the functions required of it, The Coordinator generates the following 5 signals during each cycle:

1 -Matrix Drive Pulse - P925
2 - Copy to Last µStep Register - Q213
3 - Short Strobe - P131 and P907
4 - Long Strobe - P130 and P180
5 - Copy to µStep Register – P159
Recap
To recap, 1, 3 and 4  above serve to generate the µsignals associated with any stage of an Action.  

Number 5 enables the Coordinator to determine which stage of the Action is the next to be driven.  Number 2 is used to set up the Last µStage Register near the beginning of every Coordinator cycle with the address of the stage being driven providing the parity of that stage’s address has proven correct.  If the parity of the new stage address had proven faulty, the Coordinator is halted near the beginning of the cycle which would normally drive the stage specified by this address and the contents of the Last µStage Register would not be altered.  Consequently, the latter would retain the address of the previous stage – the one in which the faulty stage address was produced.
Function
The function of the Coordinator Basic Pulse Generation Loop (diagram 14) is to produce the 5 signals – correct in both timing and duration - for each Coordinator cycle.  It is again emphasised that the generation of the five waveforms constitutes one Coordinator cycle, and that one such cycle is completed for every stage of an Action.
Once the Coordinator Loop is made to cycle, it will continue to cycle by itself producing the 5 signals in the same relative positions for every cycle.  The only variable to be encountered in this automatic cycling process is the time delay introduced between any two successive cycles.  The length of this delay depends upon the operations performed by the control µsignals generated within the stage driven by the first of the two cycles in question
The operations performed by some control µsignals require more time to complete than those performed by others due to dependence upon the presence or absence of conditions elsewhere in the system.  

Consequently, when any Coordinator cycle drives a stage, provision must be made to allow for variations in the time required for the control µsignals generated within the stage to properly fulfil their individual functions.  Another cycle must not be initiated until all the control µsignals generated by the previous cycle have completed their assigned tasks. This is accomplished by introducing a suitable delay between successive cycles as dictated by the control µsignals generated in the stage driven by the first cycle.
5 Different Cycle Times
In terms of time required, the operations performed by all control µsignals fall into five categories, each involving a different delay.  These categories are listed below in order of priority as to time delay required

1 - Those concerned with calling access to Read Data from the Store.
2 - Those concerned with calling access to Read an Instruction from the Store.
3 - Those concerned with calling access to Write Data into the Store”

4 - Those concerned with the operation of the Adder in the Arithmetic Unit.
5 - Those concerned with anything other than the operations specified above.

Category 5 - Other
A cycle which drives a stage containing only Category 5 control µsignals requires a minimal delay before the following cycle to insure that the µsignals complete their functions.  
The time delay between a cycle that drives a Category 5 stage and the following cycle is 2.6 µsec, referred to as Copy Time and the cycle itself is known as a Copy Cycle.

Category 4 - Adder
The time required by these control µsignals to perform their functions is somewhat longer than that needed by those in Category 5.  This is due to their relationship with the Adder in the Arithmetic Unit.  When any of these µsignals is generated the Adder is brought into use and the µsignals must remain present until the Adder has completed whatever is required of it.  This requires more than 2.6 µsec and an additional delay of 1.7 µsec. is introduced between a cycle driving a Category 4 stage and the following stage to insure that the operation of the Adder is not inhibited.  
This 4.3 µsec. delay is known as Add Time and the cycle an Add Cycle.

Categories 1-2-3 – Store Access

When a stage containing any of the control µsignals in the first three categories is driven, the delay encountered between the cycle that drove the stage and the next cycle is largely a function of how long it takes the Coordinator (which has the lowest priority for Store access) to gain access to the Store.  When such a stage is driven the Coordinator will remain in that stage and not initiate another cycle until access has been gained and the necessary data or instruction set up on the Store Word Register as indicated by the Transfer Pulse.  As soon as the Transfer Pulse arrives in the Coordinator a further delay is introduced and will vary in length according to the call access category concerned.  These further delays for the three different categories of Store Access are defined in the next section - Pulse Generation Loop – Detail.
The time delays between the cycle that drives a stage in any of these three categories and the following cycle is referred to as Call Access Time.  As noted above, given the Store Access priority of the Coordinator, the total time required to gain access will vary as a function of higher priority demands (the Assemblers) for access to the Store.
Long Strobe Duration

It was pointed out in the Introduction that any µsignal generated by a µplane is made available for a period of time dependent upon the strobe, either Long or Short, which permits it to exit its Read Amplifier.  As will be seen, four of the five signals generated by the Coordinator Loop are 1.0 µsec in duration, including the Short Strobe.  
The duration of the Long Strobe varies and depends entirely upon the time delay introduced between the cycle that produced it and the following cycle. The Long Strobe generated within any cycle will remain present until 0.4 µsec after the start of the following cycle.  The Long Strobe is used to govern the release, via their Read Amplifiers, of those µsignals requiring extended duration - those in Categories 1-4 above.  
Note - The following four control µsignals are partial exceptions to the above and the effect of their appearance is covered in the next section –Pulse Generation Loop-Detail:
PC 23
Copy Carries

PC 24
Copy Sum to E

PC 28
Copy Sum to F

PS 41
Call Access

The µsignals in Category 5, those that function independently of the Adder and the Store Access process and therefore require only a minimum of time to perform their operations, are always released via their Read Amplifiers by the Short Strobe. 

Pulse Generation Loop - Detail
See diagram 14 and keep it displayed throughout this section for ready reference.
The Coordinator Basic Pulse Generation Loop is displayed on diagram 14.  As noted earlier, when the Coordinator completes a cycle it automatically restarts itself after introducing an appropriate delay.  The signal that initiates the operation of the Loop is the 1.0 µsec P903 in position J45.  When this signal appears the production of the five control signals to be output by the Loop commences.  Upon completion of a cycle P903 may be regenerated via one of five different paths, each path incorporating one of the five different inter- cycle delays that may be required by the control µsignals generated during the previous cycle,

The operation of the Loop for each of the five different cycle times will now be dealt with in detail. First is a description of the generation of the five control signals during a Copy Cycle, followed by a description of the differences between this, the Add, and the 3 variants of the Call Access Cycle.
NOTE: In addition to the delays specified on the functional diagrams, a delay of 0.2 µsec. has been allowed for each amplifier and inverter encountered when constructing timing diagrams.  Also, the time at which P903 is produced will represent the Time '0’ reference.
Copy Cycle - Signal Generation / Timing
Assuming that P903 has just appeared to restart the Loop, the five signals to be generated are considered in the following sequence:
1 - Matrix Drive Pulse - P925
2 - Copy to Last µStage Register Pulse - Q2l3
3 - Short Strobe - P131 and P907
4 - Long Strobe  - P130 and P180
5° Copy to µStep Register Pulse – P159
Matrix Drive Pulse - P925

P903 is delayed 1.0 µsec. by the Drive Start Delay (JK-2) and then produces a 0.6 µsec pulse P923.  P923 becomes P924 which is gated with P922 to produce P925, the Matrix Drive Pulse.  As soon as P925 appears it returns, via a feedback loop, to extend the length of the original 0.6 µsec P924.  P924 remains present for as long as P925 remains and this, in turn, becomes a function of P922.  P922 will remain present until P903, delayed 2.0 µsec. by the Drive End Delay (J-K3) and an inverter removes it.  Thus P925 is a pulse of 1.0 µsec duration produced 1.0 µsec after Time ‘0’.

The significance of this rather elaborate arrangement is that both the leading and the trailing edge of P925 are triggered by the same source - the leading edge of P903.  Thus the duration of P903 is of no consequence and the timing of P925 relative to the front edge of P903 is strictly a function of the delays described above.
Copy to Last µStage Register Pulse – Q213
P903 is delayed 1.6 µsec by the Long Strobe Start Delay (JK-67) and then produces a 1.0 µsec pulse Q213, the Copy to Last µStage Register Pulse.  If the parity of the address µsignals produced by the previous stage, - the address of the stage presently being driven - is correct, the address of the new stage will be copied to the Last µStage Register by Q213.  If the parity was incorrect the copy would not be completed for lack of the Parity Correct signal, W783, on diagram 16~4(B3).  Thus the Last µStage Register would retain the address of the previous stage - that in which the faulty address was produced.  In sum, Q2l3 is a pulse of 1.0 µsec duration produced 1.6 µsec after Time ‘0’.
Short Strobe - P131 and P907
P903 is delayed 1.6 µsec by the Short Strobe Start Delay(JK-45) and then produces a 0.6 µsec pulse P904.  P904 is gated with the following conditions:
l - Not µHalt Delayed - W893
2 - Not Lockout - Z47

3 - Parity Correct - W783
4 - P909
If all of the above are present, at T=1.6 µsec P905 results, and therefore P906.  0.2 µsec later P906  opens suppression gate 4 (P-45) resulting in the appearance of P131, the Short Strobe, at T=l.8 µsec.  In addition to performing functions elsewhere in the Coordinator, P131 is also input to a complementary pair (Q-45) the output of which is P907, also referred to as the Short Strobe, As soon as P907 is produced it is input to two circuits within the Loop - gate 2 (M4)  and the Short Strobe End Delay JK-4).  P909 is present on gate 2 and remains so until P907, delayed 0.8 µsec by the Short Strobe End Delay and inverter, removes it thereby limiting the duration of P900 to 0.8 µsec, and that of P906 to 1.0 µsec.  0.2 µsec, after P906 disappears suppression gate 4 (P-45) is closed again thus removing P131 and P907. Thus both Short Strobes are pulses of 1.0 µsec duration produced 1.8 µsec after Time ‘0’. 

Long Strobe - P130 and P180

P903, delayed 1.6 µsec by the Long Strobe Start Delay (JK-7), yields a 1.0 µsec pulse Q2l3 which then produces a 0.6 µsec pulse P915.  As with the Short Strobe, P915 is gated with the following conditions:
l - Not µHalt Delayed - W893
2 - Not Lockout - Z47

3 - Parity Correct - W783
If all of the above are present, at T=1.6 µsec P916 is produced.  P916 passes through a mixer yielding P919 which is then gated with W772 (Not Initial Reset). The latter will be present since the Initial Reset key has not been operated.  0.2 µsec later, at T=1.8 µsec, suppression gate 3 (P7) is opened to produce P130, the Long Strobe.  P130 is then passed through a complementary pair (Q7) to form P180, the other Long Strobe.  Both P130 and P180 perform various functions throughout the Coordinator, but P180 does three things of immediate importance within the Loop.
Copy to µStep Register Pulse – P159
1 - P180, delayed 0.7 µsec (RS-8) to permit any tests conducted within a stage to be carried out, generates P159 the Copy to µStep Register Pulse, the last of the five required signals.  Thus P159 is a pulse of 1.0 µsec duration produced 2.5 µsec after Time ‘0’.

2 - P180 is gated with P917 (L-78).  P917 remains present until 0.2 µsec after the appearance of the next P903 in the following cycle and produces P919 which maintains the Long Strobe suppression gate 3 (P7) in the open condition.  When a new P903 does arrive and P917 does disappear, 0.2 µsec later, the suppression gate 3 (P7) will be closed and both Long Strobes will disappear.  Thus the Long Strobe is generated at T=1.8 µsec and remains present until 0.4 µsec after the start of the next cycle.
3 - P180 is also input to gate 6a7a with P896 (RS-7), the Adder in Use signal, which in this case is absent.  Thus, P897 will also be absent and therefore P899 will be present on one leg of gate 3-8b (V7).  In that Store access is not being called for, PS 41- is also present on another leg of gate 3-8b (V7), and therefore the gate will be opened to produce P911 (Normal Duration signal) when the condition on the remaining leg of the gate appears, Q214 the Short Strobe delayed 0.8 µsec.  When P911 appears at T=2.6 µsec it is immediately fed back to produce the P903 that will initiate the following cycle.  As per paragraph 2 above,  the Long Strobe will now be cut off at T=3.0 µsec and therefore be of 1.2 µsec in duration for a Copy Cycle.
Summary – Copy Cycle Signal Generation / Timing
Matrix Drive Pulse - P925

appears at T=1.0 µsec  and is 1.0 µsec in duration.

Copy to Last µStage pulse - Q2l3
appears at T=1.6 µsec  and is 1.0 µsec in duration.

Short Strobes – P131 & P907
both appear at T=1.8 µsec  and are 1.0 µsec in duration
Long Strobes – P130 & P180
both appear at T=1.8 µsec  and remain present until 0.4 µsec after the start of the next cycle.  For a Copy Cycle this is at T=3.0 µsec.  Hence both Long Strobes are  1.2 µsec in duration.
Copy to µStep Register Pulse – P159
appears at T=2.5 µsec  and is 1.0 µsec in duration.

See HC-09 and 19-4 for a graphic illustration of the above Summary.
Copy Cycle TOTAL Time = 2.6µsec
Add Cycle Signal Generation / Timing
The major difference between the operation of the Coordinator Loop during a Copy Cycle  and during a cycle that generates control µsignals involving the use of the Adder in the Arithmetic Unit, is that the time delay between this and the following cycle is extended by 1.7 µsec.  
For the Add Cycle, as well as the remaining cycles, the method of producing the five control signals remains the same, but the feedback loop in each case is different, ‘
When a stage is driven that produces control µsignals involving the use of the Adder (PD23, PD24, PD28), P896 (Adder in Use) will be appear on diagram 4F-l4 (R6).  This time, P896 and P180 (Long Strobe) together produce P897.  Consequently, P899 is absent on gate 3-8b (V7) eliminating P911 (Normal Duration signal) as a possible feedback path.  
Instead, P898 appears as a condition on one leg of gate 4-5b (V6).  Again, Store access is not being called for so PS 41- is present on another leg of the gate, and the latter is opened when the condition on its remaining leg, the Short Strobe delayed 0.8 µsec, appears.  When the gate opens at T= 2.6 µsec, P912 (Extend Duration signal) appears and is fed back via a 1.7 µsec delay line to generate a new P903, start the next cycle and cut off the Long Strobe 0.4 µsec, later.  Thus, when the Adder is in use, the cycle time is extended by 1.7 µsec  beyond that of a Copy Cycle.  Therefore, the total time for an Add Cycle is 4.3 µsec.  The Long Strobe, which appears as before at T=1.8 µsec, is also extended by1.7 µsec and is not cut off until T=4.7 µsec.  

Summary – Add Cycle Signal Generation / Timing

Matrix Drive Pulse - P925

appears at T=1.0 µsec  and is 1.0 µsec in duration.

Copy to Last µStage pulse - Q2l3
appears at T=1.6 µsec  and is 1.0 µsec in duration.

Short Strobes – P131 & P907
both appear at T=1.8 µsec  and are 1.0 µsec in duration
Long Strobes – P130 & P180
both appear at T=1.8 µsec  and remain present until 0.4 µsec after the start of the next cycle.  For an Add Cycle this is at T=4.3 µsec.  Hence both Long Strobes are  2.9 µsec in duration.
Copy to µStep Register Pulse – P159
appears at T=2.5 µsec  and is 1.0 µsec in duration.

See HC-10 and 19-4 for a graphic illustration of the above Summary.

Add Cycle TOTAL Time = 4.3µsec
Store Access Cycles – Signal Generation /Timing
There are three variants of Store Access cycles:

1 – Call Access Cycle – Write Data to Store

2 – Call Access Cycle – Read Data from Store

3 – Call Access Cycle – Read an Instruction from Store

The Coordinator timing differs for each variant and therefore each is considered as a separate case in the text to follow.  Continue to keep diagram 14 displayed for what follows.
Preface
As seen earlier, when the Coordinator performs either a Copy Cycle or an Add Cycle it is restarted after each cycle via a feedback loop using either P911 (Normal Duration) or P912 (Extend Duration).  When a Coordinator cycle drives a stage that Calls Access to the Store, PS 41, the Call Access µsignal, is produced - see 13-7 (F1).  When PS 41 appears,  PS 41-ve disappears closing these two feedback loops (14(V-67)).  In order to restart the Pulse Generation Loop P903 must be generated in a different way.
Note - Should you wish to reference it, the following folder contains a complete list of µsignals.

Microsignals
Write Data to Store

See gate 3-7a(C4) on diagram 14 for reference.  Following are the 3 inputs to this gate:
PD/PF 42 –Write µsignal
When a stage is driven that calls access to Write Data into the Store,  PD 42, specifying the Write condition, is also generated within that stage.  PD 42 becomes PF 42 on 13-1(G4) and is then applied to one input leg of gate 3-7a(C4) on diagram 14.  
P852

The second condition on this gate is P852 – see 13-4(E4).   P852 is, in effect, ‘Not µsignal PS 55 or ‘Not Copy (S) to OI’.  This will also be present but see note below:

NOTE - PS 55 and PS 54 are µsignals that are only generated in the final stage of an Action and are used to copy the next instruction in sequence into Registers OI and OA.  The absence of P55 indicates access is not being called to ‘Read an Instruction’ but rather, in conjunction with PF 42, to ‘Write Data’.  Thus P852 means ‘Not final stage of an Action‘.
P2K – Transfer Pulse
The third condition on the gate is P2K the Transfer Pulse.  When P2K appears, signifying that access has been gained and that the data to be input to the Store is about to be set up in the Store Word Register, Q2l8 is produced.  A derivative of Q2l8 is then delayed 0.8 µsec (Write Restart Delay (14(F-45)) to insure that the data to be input to the Store is set up on the Store Word Register before the µsignals making it available to this register disappear due to the initiation of a new cycle.  A new P903 is generated, initiating a new cycle, as soon as an output appears from the 0.8 µsec, Write Restart Delay Line.
Thus, after the five control signals were produced by the previous cycle, the next P903 is not produced until 0.8 µsec after Store access has been granted – as indicated by the appearance of P2K, the Transfer Pulse.  In that the Coordinator has the lowest Store Access priority this could take some time.  
Summary – Write Data to Store
In sum, the length of the Long Strobe, which will not be cut off until 0.4 µsec after the appearance of the next P903, will vary and extend for as long as it takes the Coordinator to gain access + 1.2 µsec. 
Read Data from Store

As with Write Data to Store, a request for Store Access to Read Data also closes the normal feedback paths in the Pulse Generation Loop and it must be restarted in a different way to generate the next P903.  The method used is similar to that when accessing the Store to Write Data.

See gate 7-8b(C4-5) on diagram 14 for reference.  Two of the three inputs to this gate are the same as used for Write to Store – P852 (Not final stage of an Action) and the Transfer Pulse.  See description above for how each is generated.  

Z97 – Not Write µsignal
Z97 is simply the PD/PF 42 –Write µsignal inverted.  See 13-1(J4).  In short, the absence of PD/PF 42 indicates a Read cycle is being requested
When all three conditions are present Q216 is produced.  O216 is delayed 1.5 µsec by the Read Restart delay line and 0.2 µsec as it is amplified yielding Q209.  The latter passes through a mixer to produce Q210 which is then delayed a further 0.8 µsec by the Write Restart delay line.  The output of the latter - after a cumulative delay of 2.5 µsec – goes on to generate the next P903 and initiate a new cycle.
The overall 2.5 µsec delay is to permit the data set up in the Store Word Register by the read half of the Store Cycle to be copied to its destination register (A, B or D) in the Arithmetic Unit before the next cycle begins and removes the Long Strobe - and the µsignals that permit this copy to take place,

Thus, after the five control signals were produced by the previous cycle, the next P903 is not produced until 2.5 µsec after Store access has been granted – as indicated by the appearance of P2K, the Transfer Pulse.  In that the Coordinator has the lowest Store Access priority this could take some time.  
Summary – Read Data from Store
In sum, the length of the Long Strobe, which will not be cut off until 0.4 µsec after the appearance of the next P903, will vary and extend for as long as it takes to gain access + 2.9 µsec.
Read Instruction from Store
As noted earlier, a request for Store access to Read an Instruction (µsignals PS 54 and PS 55) only occurs in the final stage of an Action.  If PS 55 is present, indicating that the final stage of an Action is requesting access to Read an Instruction, P852 (=Access to Data = Not Last Stage = Not PS 55) is absent.  The absence of P852 on the two gates on diagram 14(C-45) closes the feedback loop used during the Read Data and Write Data cycles described above.  Under these circumstances P903 must be regenerated in yet another way to start the next cycle of the Pulse Generation Loop.
See gate 1 on diagram 15-6(E5).  The two inputs to this gate are PD55 (=PS 55) and P2K, the Transfer Pulse.  When the Transfer Pulse appears the following takes place:
1 – Gate 1 opens to produce a 1.0 µsec pulse - P229.
2 - P229 is gated with ‘Not Slow Action’ - W896 – which will be present providing the corresponding control on the Engineer’s Panel has not been operated – to produce P246 and then P248.  

3 - P248 is then delayed 2.0 µsec  by the Instruction Restart Delay line after which it generates a 1.0 µsec pulse P249.

See mixer 234 on diagram 15-4(J6)
4 - P249 passes through the mixer to produce P995.

5 – P995 then generates a 1.0 µsec pulse P166 – Restart Coordinator.
6 – P166 is sent directly to the Pulse Generation Loop on diagram 14(D-G5) to form a new P903 and begin the next cycle.
The 2.0 µsec delay (step 3 above) serves the same purpose as the extra delay that was introduced when calling access to Read Data from the Store.  It allows sufficient time for the instruction that was set up in the Store Word Register during the read half of the Store Cycle to be copied to Register OI and OA before the µsignals that perform this copy are removed.
Restarting the Coordinator in this manner when calling access for an instruction also permits the introduction of a facility known as the Slow Speed Loop - an engineer’s facility used when fault-finding.  When this is employed a delay of up to 5 seconds may be introduced between the cycle that drives the final stage of one Action and the cycle that drives the initial stage of the next.  The way in which this facility operates is covered in a later section – Engineer’s Controls..

Summary – Read Instruction from Store
In sum, when operating in the Call Access to Read Instruction mode, the length of the Long Strobe, which will not be cut off until 0.4 µsec after the appearance of the next P903, will vary and extend for as long as it takes to gain access + 2.4 µsec.  See 
Summary - Store Access Cycles – Signal Generation /Timing
Write Data

When operating in the Call Access to Write Data mode, the length of the Long Strobe, which will not be cut off until 0.4 µsec after the appearance of the next P903, will vary and extend for as long as it takes to gain access + 1.2 µsec.  See 19-2 and 19-3  for a graphic illustration of the above for both Error Prevent (EP) and Error Detect (ED) modes of operation..

Read Data
When operating in the Call Access to Read Data mode, the length of the Long Strobe, which will not be cut off until 0.4 µsec after the appearance of the next P903, will vary and extend for as long as it takes to gain access + 2.9 µsec.  See 19-1 for a graphic illustration of the above.
Read Instruction
When operating in the Call Access to Read Instruction mode, the length of the Long Strobe, which will not be cut off until 0.4 µsec after the appearance of the next P903, will vary and extend for as long as it takes to gain access + 2.4 µsec.






**********
Link to next section
